Today's registration of newborns with congenital cytomegalovirus (cCMV) infection is still performed on paper-based forms in Flanders, Belgium. This process has a large administrative impact. It is important that all screening tests are registered to have a complete idea of the impact of cCMV. Although these registrations are usable in computerized data analysis, this data is not available in a format to perform electronic processing. An online Neonatal Registry (NEOREG) System was designed and developed to access, follow and analyse data of newborns remotely. It allows remote access and monitoring by the physician. The Java Enterprise layered application provides patients' diagnostic registration and treatment follow-up through a web interface and using document forms in Portable Document Format (PDF) which incorporate all elements from existing forms. Forms are automatically processed to structured EHRs. Modules are included to perform statistical analysis. The design was driven by extendibility, security and usability requirements. The website load time, throughput and execution time of data analysis were evaluated in detail. The NEOREG system is able to replace the existing paper-based CMV records.
Introduction
The Flemish Society of Paediatrics' Neonatology and Perinatal Epidemiology Working Group aims to provide guidelines concerning diagnosis and therapy of new-borns infected with congenital cytomegalovirus (cCMV) and to manage the follow-up of those children with the aim of studying the outcome prediction of the disease [1] . The guidelines provide physicians with evidence-based information and recommendations to treat patients with cCMV. The working group consists of neonatologists, otorhinolaryngologists and general paediatricians in Flanders. In eight Flemish hospitals, equipped with a neonatal intensive care unit (NICU), paper-based registration forms for cCMV infection have already been used since January 2007, with the purpose to register as much new-borns as possible with cCMV and track their progress.
Cytomegalovirus is the most common cause of congenital infection [2] . The incidence varies worldwide with an incidence of 0.5 to 1.3% of all live born infants in Flanders. With an annual birth number of 65,000-70,000 new-borns in Flanders [3] this means that about 400-600 new-borns are affected per year. cCMV is the leading cause of sensor neural hearing loss, an important cause of neurologic developmental delay and causes a great disease burden on child, parent and community.
The infection is transmitted prenatally. 10% of the infected new-borns are symptomatic at birth, with symptoms being various, including hepatitis, low platelet count, microcephaly, intra-uterine growth restriction, hepatosplenomegaly or convulsions. Most of the infected new-borns (85-90%) have no clinical symptoms at birth. It is important that all of the infected children undergo screening tests (blood analysis, MRI and ultrasound of the brain, ophthalmologic and hearing evolution) to evaluate the impact of cCMV. Only the children, who are symptomatic at birth or have aberrant screening tests, may benefit from treatment with Ganciclovir (Cymevene) [4] . When an infant fails the hearing test, the baby is retested with at least one week interval. When failing is confirmed, the baby is referred to the audiology department for further assessment with brainstem evoked response audiometry. When hearing loss is confirmed, therapy with (val)ganciclovir is discussed with the parents [5] . However, the asymptomatic children are still at risk to develop long term sequel over the next years. These sequelae include hearing problems, neurodevelopmental delay and visual impairment. For that reason, it is suggested that all children with cCMV are followed during several years, so pending neurological, hearing, and visual problems can be detected in time.
The Neonatology departments of the academic hospitals of Ghent, Antwerp, Louvain and regional hospitals in Bruges, Antwerp, Wilrijk, Ghent perform a detailed registration of cCMV. For example, the NICU of the Ghent University Hospital consists of 32 beds, and acts as the coordinating study centre. Collecting patients' data has the potential to reveal correlations between diagnostic variables, offer new insights in the data and hence lead to better treatment and improved quality of care.
However, today, this data is still collected manually in paper forms, making it very difficult to perform data mining or apply computing techniques to discover trends.
When cCMV is detected in the laboratory results of the new-borns' urine, the physician fills out a paper-based form, after informed consent of the parents. The parents' permission is asked to record the data in an electronic register and data is anonymized for data research. Figure 1 shows schematically the current workflow. The diagnosis forms (1) include the results of central radiology (based on echography, CT scan or NMR scan), eye fundus, audio logical results and blood analysis. A follow-up process has to be completed with audio logic evaluation each 3 months till the age of 3 years and later each year till the age of 6 years. The neurological development is evaluated at 4 months, 1 year, 1.5 years, 4.5 years and 6 years. The ophthalmologic follow up is repeated every year. All paper forms are delivered to the coordinating centre (2) . Current analysis of the paperbased records is time-consuming, labour-intensive and difficult. At the coordinating hospital, the content of the forms is entered in a computerized spread sheet (3) to enable minimal data analysis (4). For long-term statistical and pattern analysis, a database is needed. It is important that the system supports flexible updates when new data types or decision support facilities are needed.
The potential of electronic records to conduct data analysis and support clinical decisions has already been widely recognized [6] [7] [8] . However, data is often not available in a format for analysis and research [9] . Computerized decision support systems can be developed that estimate prognosis, detect patterns and as such support ethical decision making in complex medical issues for parents and physicians in NICU [10] . Yang et al. [10] address the challenging question if there are data indicators with respect to the childs' health status that can guide the best decisions regarding when to initiate, withhold or terminate treatment. Skouroliakou et al. [11] studied the benefits of an electronic registry in a NICU in Greece and found that electronic collection and analysis led to significant findings at epidemiological, medical resource utilization and hospital cost levels. According to Cordero et al. [12] , the implementation of computerized physician order entry (CPOE) resulted in reduction in medication times, medication errors and decreases in service response times.
Electronic Health Records (EHR) facilitate better follow-up of physician's diagnosis and the patients' condition. Urschitz et al. [13] reported about the experience with a Patient Data Management System (PDMS) at a NICU in Vienna, Austria. The database gets manual input and inputs from the monitoring system, by collecting data from external data sources, and from the lab information system. Knowledge based systems are available for calculating the parenteral nutrition of newborn infants, for advising medication, for managing mechanical ventilation. More than 2/3 of the users preferred computer assisted documentation to charting by hand. PDMS have to be constantly adapted to the user's needs and to the changing clinical environment. However the benefits of electronic registration, not all departments have already adopted an electronic register. Moreover, the cCMV registration is not included in existing clinical information systems.
In this paper we propose the web-based Neonatology Registration System (NEOREG) which supports data registration of CMV and automates the follow-up process. The system has the following objectives for registration of newborns: registration of (i) the physician's diagnosis, (ii) abnormalities at birth, (iii) evolution of treatment and (iv) the periodic follow-ups of psych motoric function, hearing and visas at long term (till the age of 6 years). NEOREG aims to provide a patient registration and remote follow-up system for all children infected with cytomegalovirus in Flanders, Belgium.
Using NEOREG, human processing tasks are eliminated, as shown in Figure 1 . The website offers statistical components to visualize patient's prognosis at long term. If a follow-up is necessary, an email alert is generated to arrange an appointment with the patient. All records can be accessed remotely on the secure website. In previous work [14, 15] we have already demonstrated the benefits of computerized support for the Intensive Care Unit (ICU) for the follow-up of infections and management of antibiotic therapies. In contrast to the latter research project, where integration with already existing electronic records from diverse sources was performed, the NEOREG System replaces the existing paper-based registrations of cCMV.
Paper Organization
This article is structured as follows. The Methods section details the registration scenario. Design objectives for the architecture are described, together with a detailed explanation of the architecture. Next, implementation details are provided. Furthermore, a description is provided of the usage of the Java Enterprise framework, the PDF form generation process, persistence of data and data analysis. The Results section contains the dataset characteristics and the performance evaluation. The discussion section deals with the impact of electronic records versus paper-based records. Finally, in the conclusion the contributions to the registration of cCMV are summarized.
Methods
In this section the development methodology is described. First, the registration scenario with several questionnaires is described in detail. Second, the design objectives are formulated. In the architecture details, the layered application is shown. Finally, implementation details are presented.
Registration scenario
After secure login, a newborn infected with CMV can be registered by uploading a filled-out questionnaire. The system starts a follow-up mechanism, in which a timely follow-up of the patient is requested, as an electronic alert to the responsible physician or paediatrician. Each data entry form is a Portable Document Format (PDF) file, as required by the infection working group in order to guarantee a higher adoption by physicians after a switch from the paper-based files. PDFs can be stored and filled-out on off line systems too. Only for the upload and access to historical patient records an Internet connection is required. The system converts the information in the PDF file to electronic records in a database. 6. Audio logical Diagnostics Follow-up form: the audio logical aspect is continuously followed.
The form is filled out at the age of 3, 6, 12, 18, 24, 30 months and at least once per year till the age of 6 years.
Design objectives
The focus was on the security, usability and extendibility requirements. We applied the layered approach of enterprise applications. The three-layered architecture consists of a Presentation layer, Processing or Business layer and Data layer. The Presentation layer offers a registration website.
Through a security component, access is given to the medical records according to the user's role and the hospital policy. The website enables the upload and download of forms. The Processing layer collects the information in the forms and instantiates the information in data objects. The Data layer provides the persistence of the objects in the database.
Security is enforced by a role-based authentication mechanism. This means that at login only access is given to functionality according to the role access privileges. NEOREG has three user roles: system administrator, physician or paediatrician, clinical researcher. The last role has only access to anonymous data analysis for clinical studies, while the physician can see all data. The system administrator has access to configuration of the system. Additionally, the registration and login of a user can be done with an electronic identity card or by user-password credentials. The Belgian identity card can be used for authentication and authorization. The PDF forms are also protected with the user's password.
The second objective is usability for registration, display and analysis of patients' data to stimulate adoption. The system must be integrated in the existing physician's workflow. Therefore, this electronic registration is almost identical as paper-based registration. Instead of the paper forms, data is entered in a PDF, which can be processed by a computer. If the physician still wants to keep a paper-based print-out, an identical paper will be produced, while the system stores the data entries for long term analysis. The system should offer a display with a summary of all entered data. In addition to simply storing the data, the system should provide data analysis functions (allowing for instance estimation of hearing prognosis of the patient or statistics of the population of newborns with cCMV).
A third architectural driver is extendibility of the registration. As the medical therapies are evolving, the registration forms should be extendable with new data entries. The existing template form contains a list of possible diagnostic options, treatment or measurement categories. This list can be adapted at runtime by changing the configuration. In fact, these configured options are added in the database, which enables the PDF template form to dynamically rebuild itself. The new empty template can be downloaded by the physician. Existing filled-out templates are still supported.
Architecture Details
The layered architecture is shown in Figure 3 
Implementation of the web-based registration system

Java Enterprise Application
The NEOREG system was developed using Java Enterprise Edition (Java EE) platform and deployed on the Glassfish Application Server. Java EE has already been applied in e-commerce [16] , e-learning [17] , as well as in e-health with real life cases at intensive care [18] , dental care [19] , and laboratory [20] . Its layered approach has several advantages [19] : (a) changes in database do not affect the user's application, (b) scalability or extendibility is provided by using a separate business layer, and 
Portable Questionnaire Forms
The paper-based forms are replaced with Adobe Portable Document Format (PDF) forms. It has the advantage of being independent from the applications, hardware and operating system. The PDF files contain interactive elements such as form fields. In the NEOREG system we used the iText open source Java Library [21] to create and read the PDF forms. PDF Encryption is enabled at creation time. The PDF template form is built up from code and the input values for checkboxes and text fields are selected from the database. Since the PDF 1.2 specification, AcroForms or Acrobat Forms have been supported for integrating data and PDF forms. The AcroForms provide standard form components (such as text fields, radio buttons and checkboxes) and support limited Javascript usage for validation of input fields. The data elements are kept in key-value pairs. The PDF component uses iText to read data form entries and insert data in the database.
Data Persistence
The database ( Figure 5 ) is built up through the Java EE Persistence API, a Java programming framework for the management of relational data. An entity maps to a table in the database, while instances of the entity correspond to individual rows in a table. Relationships between entities can be expressed in objects with metadata and annotations. Considering the hospital's experience, we used the Oracle 9 database.
One of the main objectives was the possibility to change and extend existing functionality and persisted data. During the development we investigated two persistence approaches to cope with changes in the data forms. One approach is to rebuild and automatically change data columns and tables when major changes are applied to the form templates. Each object (entity) contains annotations which guide the persistence process. For example the annotation Entity means that the object will be transformed into a data table. As such, relationships between objects and the actual objects are modelled at design time. When new templates are created, Java reflection is used to create the necessary Java programming code, which is later deployed on the server. The second approach is to maintain the current data structure, but change the configuration of data values. In this approach, additional data values are stored in the configuration table that builds up the form. By creating many-to-many relationships between data variables and form template, the form is automatically built up with the necessary data variables that should be included in the questionnaire.
We chose the second approach for the system to minimize redeployment of the system.
Results
Dataset Characteristics
The current dataset of the NICU of Ghent University contains 149 patients. The working group consists of 20 members from the participating hospitals. The 149 patients comprise 74 (49.7%) male newborns, 70 (47.0%) female newborns and 5 (3.4%) missing documented cases. The set spans the period from January 1, 2007 to December 31, 2010. The patients' parents approved the registration by signing an informed consent giving permission to include the newborns' data in the electronic database and to use the data for scientific purposes on the condition that confidentiality is ensured.
Performance Results
The performance was evaluated by emulating 500 simultaneous users interacting with the web application. We evaluated the performance by measuring the load times of the web frontend (as shown in Figure 6 ). Each user calls the website through an http request. The evaluation was performed on a client that has an Intel Core 2 Duo CPU with 2.4 GHz and 4 GB RAM, running the 64-bit Windows 7 Operating System (OS), Java Runtime 1.6.21 and Apache JMeter. The web application was deployed on a Windows XP Pro OS server on an AMD Athlon 64 X2 Dual Core Processor 5200+ with 2.7 GHz and 3 GB RAM. The server has the Glassfish 3.0 Application Server. It is expected that initially only 10 to 50 users will access the application. This corresponds to a load time between 28 and 48 milliseconds, which results in an excellent quality of experience of the users. Figure 7 shows the throughput and number of kilobytes per second for 10 to 500 users. Table 1 shows the detailed results of a typical user scenario, measured by FireBug, a plug-in for web browser Firefox. The user logs in on the website with his/her user credentials, downloads an empty PDF questionnaire, fills in this template and uploads the form. Later the user reviews and analyses this data on the website.
The display and download times are within acceptable range but the PDF takes more time due to the generation process. In addition, the execution times for the retrieval of data analysis cases were also measured. Figure 8 shows the execution times for the audio logic data and neurologic data for several data analysis cases. One case had a longer execution time and took 61.12 s. All other cases' execution time ranges from 0.23 to 2.54 seconds and are shown on Figure 8 . The queries for audio logical data take more time due to a higher number of variables in the queries.
Discussion
Today, most hospitals are equipped with an information system that monitors vital parameters and collects records from laboratory and observations. Unfortunately, the coordinating NICU was not using a complete system for registration of newborns' diagnosis. The NEOREG system fulfils the need for the registration of congenital cytomegalovirus infection and could even be extended to registration of other parameters by adding forms or integrating the outputs of medical devices directly in the system. The NEOREG system follows a centralized approach in which cCMV patient records of the hospitals are stored in a central database. In the paper-based registration it was noticed that there were a large number of missing registrations. Afterwards, it was not clear if the values were left intentionally blank on the paper forms or if part of the follow-up process was missing. Using a computerized registration, the completeness of the forms and the timely follow-ups can be validated automatically and users can automatically be reminded at regular times.
Christensen and Grimsmo [22] conducted a study of GPs' use of electronic patient records in terms of the use of different functionality, time spent and the effects of EHRs in Norway. The overall availability of individual patient records had improved compared to the handwritten paper-based records, but the information within the EHR was not satisfactory. Time studies on physician use of EHR didn't show a time reduction but the potential benefits were: simultaneous access by multiple users, improved readability compared to handwriting, automated generation of reports in different formats to do analysis. The proposed system also offers these benefits. Raptis et al. [23] suggested for the management of cancer target referral patients that web based software is effective in facilitating and improving the quality of information between users.
The Erasmus Medical Centre of Rotterdam developed an open structured data entry application to support structured recording of patient data in any medical domain. Roukema et al. [24] found that the electronic records of physical examination in paediatric outpatient care were more complete and contained additional information whereas in the patient history, which has mostly a narrative information nature, information was missing. Similar to NEOREG free text data entries are allowed to register findings which were not present as structured checkbox values. Some free text entry boxes could not be replaced by a structured entry. Configuration in NEOREG turns frequently occurring text entries into permanent checkbox values by adapting the variables and dynamically rebuilding the PDF questionnaire templates. Despite the increasing availability of electronic systems, clinicians often continue to use paper to complete their work. Saleem et al. [25] explored the factors that cause users to use papers instead of EHR. The technology should offer the same convenience in the clinical workflow as the usage of pen and paper to guarantee full adoption.
To guarantee system adoption, specific training of physicians will be required. Although the user interface is easy to use, previous implementations have already indicated that training is essential.
Alberdi et al. [26] investigated the role of computerization in neonatal intensive care and found that a lack of system training affected the staff usage of the computerized information system for NICU.
During the consultation of NEOREG on a client PC, we detected that users should be made aware of all functionality, their browser requirements and how to effectively fill out the PDF forms by demonstrating the usage. Additionally, documentation and a manual with the functionality are provided.
NEOREG Data may contribute to investigations of neonatal research networks. Fanaroff et al. [27] describe the changes in therapy practice and outcome amongst network centres during 15 years. The 
Conclusion
The NEOREG system supports the registration of newborns infected with congenital cytomegalovirus.
The web-based system replaces the existing paper-based forms with a similar electronic portable document forms. It allows remote access and telemonitoring of the patient's records. This paper describes the architecture and evaluation of the electronic registration system NEOREG. The database characteristics and performance of the NEOREG website have been thoroughly evaluated in this paper. When NEOREG electronic data records are used, data can be queried more easily to conduct clinical studies. It is expected that NEOREG electronic registration will contribute to higher data quality and detailed follow-up of patient registrations. 
